awasaki disease (KD) was first reported in 1967, 1 and long-term follow-up of the coronary artery lesions has revealed that a coronary aneurysm or ectasia in the early stage of KD often progresses to localized stenosis following vasculitis in the late stage. 2 Although several studies have recommended long-term observation of patients with a history of KD, [3] [4] [5] [6] others have concluded that such follow-up is innecessary if the cardiovascular complications were mild in the early stage of the disease. 7 In childhood KD, a severe stenotic lesion is formed by regression of the coronary aneurysm in the years after the onset of the disease, and its histological findings are characterized by marked intimal thickening with multiple calcifications resulting from the arteritis. Therefore, the stiffness of the arterial wall makes the decision of the treatment strategy very difficult. For cases of older childhood KD, aortocoronary bypass surgery (CABG) is the standard therapy for severe stenosis of coronary arteries because the long-term patency of the bypass graft is satisfactory, 8,9 but in young adults who have not had the coronary aneurysm detected in the early stage, the recommended therapy has not been established. We describe 2 cases of acute coronary syndrome in young adults with a history of KD.
to evaluate the lesion. The residual stenosis in the midsegment of the RCA was of the same degree as seen on the previous CAG, and the IVUS images revealed severe calcification and a thrombus-like low echo at the site (Fig 1D,E) . Because his coronary arteries were diffusely dilated and the minimum lumen diameters measured on IVUS images were sufficiently large, angioplasty was not required. Left ventriculography (LVG) showed akinesis within a narrow limit of the inferior wall. He was given continuous warfarin potassium as anticoagulant therapy and when he was tested after 1, 3 and 6 months, treadmill exercise testing demonstrated a negative response. Follow-up CAG performed on April 20, 2001 showed no restenosis at the lesion.
Case 2
A 32-year-old man with a recent history of unstable angina was urgently admitted in January 2001. He had a history of KD from the age of 2 years and had been followed up at a local hospital for 11 years. According to him and his mother, UCG might have been performed 2 or 3 times, but not CAG. They could not remember the UCG findings and we could not confirm them because his medical records had been discarded. His only coronary risk factor was smoking. On admission, the ECG showed horizontal ST depression in leads II, III, aVF and V2-6. After intravenous administration of isosorbide dinitrate and heparin sodium, the chest oppression disappeared completely and the ST depression on the ECG was diminished. Left coronary angiography showed 99% stenosis at the proximal site of the circumflex artery (LCx) with diffuse dilatation of other sites (Fig 2A) . IVUS images at the stenosis site revealed intimal thickening with a heterogeneous echo ( Fig 2C) and images of the left anterior descending artery demonstrated calcification located on the surface of the intima (Fig 2E) . In addition, extensive aneurysmal calcification was observed around the middle portion of the RCA on fluoroscopy (Fig 2G) . Although the RCA was completely occluded in the middle portion, sufficient bridging collateral flow to the distal portion was detected (Fig 2F) . Directional coronary atherectomy (DCA, 7Fr GTO, Guidant) was performed for the stenosis of the LCx, which was considered to be the culprit lesion. Additional inflation performed with a 3.5-mm diameter cutting balloon resulted in successful dilatation of the stenotic lesion (Fig 2B,D) . Histological examination of the DCA specimen revealed many macrophages, cholesterol crystals, thrombi, and smooth muscle cells (Fig 3A -F) , which indicated that the stenotic site was a rupture-prone complicated plaque with a substantial lipid core, a fibrous cap and thrombogenic macrophages. [10] [11] [12] After 1, 3 and 6 months, treadmill exercise testing demonstrated a negative response. Followup CAG performed on July 11, 2001 showed no restenosis at the lesion and LVG showed normal wall motion.
Discussion
Progressive localized stenosis at the site of a regressed aneurysm is often observed in the late stage of KD. Even an angiographically normal coronary artery may develop intimal thickening, leading to premature atherosclerosis. 10, 11 It has also been reported that endothelial dysfunction persists for a long period in patients with KD. 13 The endothelium is important in controlling vascular tone and protecting the vessel against atherosclerosis via the release of relaxing factors, such as nitric oxide, whch inhibits platelet adherence and smooth muscle proliferation. Therefore, patients with KD have the potential to develop premature atherosclerosis without a history of dilated coronary arteries and so a history of KD may be an independent coronary risk factor in young adults.
We reported KD with acute coronary syndrome in 2 young adults. IVUS images of their coronary artery walls showed diffuse ectasia and severe calcification. Because it is rare for atherosclerosis to be observed in young adults with few risk factors, it would appear that these findings are sequelae of KD. 14, 15 Interestingly, neither aneurysms nor stenotic lesions had been detected by CAG performed at the ages of 4 and 23 years in patient 1 who had the acute myocardial infarction. UCG had been performed each year, which suggests that his coronary artery might not have changed morphologically at the lesion site during this period, although it is well known the coronary lesions of patients with KD are slowly progressive over a long period of time. Taken together, the coronary lesion in case 1 was formed by accelerated atherosclerosis caused by endothelial dysfunction occurring within the past 4 years. Previous clinical studies have suggested that is not an association between the degree of stenosis and coronary events caused by the formation of occluding thrombi resulting from plaque rupture or fissuring. 16, 17 We speculate that the RCA contained vulnerable plaque without luminal narrowing, and subsequent plaque rupture resulted in AMI. If IVUS had been performed 4 years earlier, some useful information would have been obtained, such as soft plaques, to say nothing of the calcifications. Therefore, more careful attention must be paid to his clinical course and long-term follow-up, including IVUS, is very important.
Patient 2 had been visiting a local hospital under the diagnosis of KD since the age of 2 years, but was told at 13 years of age that further follow-up was not necessary. His RCA as revealed by CAG was similar in appearance to 'segmental stenosis', as described by the Kawasaki Disease Research Committee of the Japanese Ministry of Health and Welfare, and acted as a 'bridging vessel', as reported by Suzuki et al. 2, 18 Because collateral flow to the distal portion was sufficient and his episode of angina was very recent, the RCA was not thought to the culprit lesion. In the middle portion of the RCA lesion, there were severe calcifications resembling an eggshell, so there may have been a giant coronary aneurysm present in the early stage of KD, which resulted in a thrombosed aneurysm. At the time he was diagnosed with KD, there had not been any reports of the cardiovascular complications of KD, and echocardiography had not yet come into widespread use. Thus, an early aneurysm would not have been detected, but such cases will become more prevalent hereafter.
On the other hand, IVUS images at the site of the LCx revealed 'soft plaque' without calcification. The characteristic histological findings in KD patients are multiple calcifications in the arterial wall and intimal-medial thickening, not only at the coronary lesions but also in angiographically normal arteries. 10, 11, 14, 15 In addition, patient 2 had an obvious episode of effort angina, whereas most patients with KD rarely have symptoms of ischemia. Thus, we speculate that the proximal lesion of the LCx, which was thought to be the culprit lesion, resulted from atherosclerosis following subsequent endothelial dysfunction rather than from vasculitis or a thrombosed aneurysm. Indeed, DCA samples of the culprit lesion contained cholesterol crystals, many macrophages, newly organized thrombi, and a small number of smooth muscle cells that were a-actinpositive and SM-2-negative, indicating a de-differentiated phenotype. These are just 'vulnerable plaque' themselves and are classified as advanced type, type V or VI, of atherosclerotic lesions, 22 and differ markedly from the coronary aneurysms or regressed aneurysms observed in children with KD. 10, 11 In young children with KD, the long-term results of CABG are unsatisfactory, 19 mainly because of the small caliber of the autosaphenous vein grafts. Therefore, percutaneous transluminal coronary angioplasty (PCI) is now performed to enable CABG to be postponed until the patients have vessels of sufficient size. 20, 21 In patient 2, although the vessel size was sufficiently large, the culprit lesion was in the LCx, which was not suitable for an internal mammary artery graft and the long-term patency of sephenous vein grafts (SVG) is not satisfactory. In CABG using SVG was performed, graft failure occurs at a rate of 30-50% and repeat CABG is very difficult. However, the success rate of PCI to the native LCx is very low, too, because total occlusion will occur just proximal to the affected portion of LCx. We had discussed these issues with patient 2 and his parents in detail, after which he decided to undergo PCI, with subsequent CABG if the procedure proved unsuccessful. As his coronary artery was dilated at the proximal and distal sites of the lesion, we performed DCA but did not use a rotablator. There were no complications attributable to this procedure and the followup CAG revealed no restenosis.
In conclusion, PCI using IVUS may be effective in young adults with acute coronary syndrome secondary to KD, as well as in adults with the usual atherosclerotic plaque. The reason PCI succeeded might be that in these cases the coronary lesions were formed by accelerated atherosclerosis from endothelial dysfunction, rather than the regressed aneurysms that were common in patients with childhood KD. A history of KD may be an independent coronary risk factor and so long-term follow-up, including CAG and IVUS, is important. The sequelae of KD should be considered in young adults who have coronary artery disease without any risk factors.
